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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a small wide- 
angle zoom lens having a variable power ratio larger than 
three times, sufficiently separating the position of an 
exit pupil from the image plane, suppressing the 
distortion aberration and having a small number of lenses 
and little aberration. 

SOLUTION: At the time of zooming from the wide-angle 
end to the telescopic end, a first lens group G1 having a 
negative refractive power is moved to the image side 
and reversely moved to the object side on the way, a 
second lens group G2 having a positive refractive power 
is monotonously moved to the object side and a third 
lens group G3 having a positive refractive power is 
moved to the object side and reversely moved to the 
image side on the way. An aperture diaphragm S is 
located on the object side of the second lens group G2 
and integrally moved with it. By representing the focal 
distance of Mth lens group (M=1-3) by fM and the 
composite focal distance of the whole system at the 

wide-angle end by fW, the conditions: (1) 2.62<&verbar;f1&verbar;/fW<2.72 (fKO), (2) f3/fW<3.4 
and (3) 0.57<f2/f3<0.65 (f2>0, f3>0) are satisfied. 
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* NOTICES * 

Japan Patent Off ic is not r sponsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a zoom lens suitable as 
a small wide angle zoom lens which has the tele cent rucksack nature for a digital still camera 
and video cameras which starts the optical system of a zoom lens, especially uses a solid state 
image pickup device for a photo detector. 
[0002] 

[Description of the Prior Art] In the so-called video camera which picturizes an animation, solid 
state image pickup devices, such as CCD (charge-coupled device) or MOS (metal oxide 
semiconductor), are used as a photo detector for an image pck~up from the former. Furthermore, 
the spread of a digital still camera or the cameras of the type which is only called a digital 
camera etc., picturizes a photographic subject image by the solid state image pickup device, 
obtains the image data of a photographic subject's static image (steel picture), and is recorded 
on IC (integrated circuit) card or a video floppy disk in digital one is remarkable in recent years. 
There is some digital camera which can picturize not only a static image but a dynamic image 
(movie picture). 

[0003] By the way, it is required for the optical system of the camera which used solid state 
image pickup devices, such as such CCD, that the exit-pupil position should fully have estranged 
from the image surface. This is based on the following reasons. That is, since the color filter of a 
solid state image pickup device exists in the position a little distant from the image pck-up side, 
when the flux of light carries out incidence from across, substantial aperture efficiency falls. 
Moreover, seldom changing ****** of the crystal filter for preventing the moire phenomenon 
resulting from the periodic structure of a solid state image pickup device on the outskirts a shaft 
top is called for. 

[0004] Moreover, especially, by the latest high sensitivity type small solid state image pickup 
device, a thing with a microHens array is just before an image pck~up side, and if the exit pupil 
has not fully estranged from the image surface in such a case, aperture efficiency will fall on the 
outskirts. The zoom lens which performs variable power is well known as the so-called 2 group 
zoom by arranging the 1 st lens group which has negative refractive power, and the 2nd lens 
group which has positive refractive power, consisting of body sides one by one, toward an image 
side, and changing the interval of the group of these 1st lens group and the 2nd lens group. Much 
of such 2 group zoom does not have a desirable exit-pupil position for becoming close to the 
image surface and applying to the camera using solid state image pickup devices, such as CCD. 
[0005] Then, behind the 2nd lens group, by arranging the fixed lens group or move lens group 
which has positive refractive power, it is possible to keep away an exit-pupil position from the 
image surface, and many zoom lenses are proposed. Thus, the example of the zoom lens which 
arranged the lens group which has positive refractive power behind the 2nd lens group is 
indicated by JP,3-20735,B, JP,7-52256,B, JP,6-94996,A, etc. However, the zoom lens indicated 
by JP,3-20735,B, JP,7-52256,B, etc. is designed mainly for single lens reflex camera (single lens 
reflex camera Rex) still cameras. 

[0006] For this reason, with the composition indicated by these Japanese Patent Publication No. 
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No. 20735 [ three to ] official report, and JP,7-52256,B, the positive refractive power of the 3rd 
lens group is very weak, and cannot fully keep away an exit pupil from the image surface. 
Moreover, without making it move into variable power, it fixed to the mid-position of the 1st lens 
group and the 2nd lens group, and the zoom lens indicated by JP,6~94996,A arranges the 
drawing position, in order to keep away an exit-pupil position from the image surface, the [for 
this reason, / the 1 st lens group and ] — restrictions are received in movement of 2 lens groups, 
and the variable power ratio remains in double-precision weakness 
[0007] 

[Problem(s) to be Solved by the Invention] In order that these people may cope with the problem 
mentioned above, the about 3-time variable power ratio was obtained, and moreover they could 
make the exit-pupil position fully estrange from the image surface, and have proposed the bright 
wide angle zoom lens suitable for a small digital still camera etc. until now. For example, the 
example of such a zoom lens is indicated by Japanese Patent Application No. No. 14308 [ nine 
to ] etc. On the other hand, the latest digital still camera tends to pursue high definition-ization, 
and the smailness [ picture ] of distortion has also become one of the important quality items in 
a high definition-ized-oriented digital still camera. The zoom fens indicated by Japanese Patent 
Application No. No. 14308 [nine to ] mentioned above does not have an enough amendment of 
distortion aberration, and it is thought that it is unsuitable for the digital still camera of a high- 
definition inclination [ recently ]. 

[0008] Then, these people suppressed distortion aberration further and proposed Japanese 
Patent Application No. No. 2691 70 [ nine to ] as a bright wide angle zoom lens it was made to fit 
a digital still camera etc. However, although the commercial scene of the present digital still 
camera maintains the height of picture quality, it is most important for it to attain low-cost- 
izatiori. In such a viewpoint, the zoom lens of a Japanese Patent Application No. [ No. 269170 / 
nine to ] publication consists of nine lenses, and it is hard to say that the demand of low-cost- 
izing is fully met from the lens number of sheets. 

[0009] this invention was made in view of the situation mentioned above, can obtain 3 times or 
the variable power ratio beyond it, can make an exit-pupil position fully able to estrange from the 
image surface, moreover can suppress distortion aberration, moreover is small and aims at 
offering the zoom lens which can be constituted as a suitable bright wide angle zoom lens for the 
digital still camera which can be manufactured by aberration by the low cost few. Especially the 
purpose of the claim 1 of this invention has little lens number of sheets to need, and moreover is 
small, and aberration is to offer the zoom lens rectified good. 

[0010] The purpose of the claim 2 of this invention is about the aberration generated by the 2nd 
lens group to offer an amendment zoom lens effectively while it is constituted from few lens 
number of sheets and makes a lens outer diameter small especially. Furthermore, especially the 
purpose of the claim 3 of this invention is to offer the zoom lens which can rectify the negative 
distortion aberration which increases by the short focal distance side. The purpose of the claim 
4 of this invention is further again to offer the zoom lens which can prevent that it becomes 
insufficient especially rectifying spherical aberration. 
[0011] 

[Means for Solving the Problem] The zoom lens concerning this invention indicated to the claim 
1 In order to attain the purpose mentioned above, it goes to an image side from a body side, one 
by one The 3rd group optical system which has the 1 st group optical system which has negative 
refractive power, the 2nd group optical system which has positive refractive power, and positive 
refractive power is arranged. While preparing the aperture diaphragm which moves to this 2nd 
group optical system and one at the time of zooming in the body side of the aforementioned 2nd 
group optical system, zooming from a wide angle edge to a tele edge is faced, the 
aforementioned 1st group optical system By moving an optical-axis top to an image side first, 
and reversing the move direction to a body side on the way, it moves to an image side at the 
convex arc of a convex, and change of a focal position is rectified, the aforementioned 2nd group 
optical system An optical-axis top is moved to a body side in monotone, and variable power is 
performed, and the aforementioned 3rd group optical system By carrying out body side HE 
movement of the optical-axis top first, and reversing the move direction to an image side on the 
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way the synthetic focal distance of the whole system [ in / fM and a wide angle edge / it moves 
to the convex arc of a convex, and variable power is performed to a body side, and / for the 
focal distance of the Mth group optical system (M=1 -3) ] — fW ** — the time of carrying out — 
these — conditional )2.62<|f1 |/fW <2.72 (fl <0) 
(2)f3 /fW <3.4(3)0.57<f2 /f3 <0.65 (f2 >0,f3 >0) 
It is characterized by carrying out ** satisfactory. 

[0012] The zoom lens concerning this invention indicated to the claim 2 The negative lens of the 
shape of a meniscus by which the aforementioned 1st group optical system turned the convex to 
the body side one by one toward the image side from the body side, Two lenses which come to 
arrange the meniscus-like positive lens which turned the convex to the body side are included 
and moreover, the aforementioned 2nd group optical system The positive lens which turned the 
refracting interface strong against a body side one by one toward the image side from the body 
side, the meniscus-like positive lens which turned the convex to the body side, and the 
meniscus-like negative lens which turned the convex to the body side — and -- and it is 
characterized by including four lenses which come to arrange the meniscus-like positive lens 
which turned the convex to the image side 

[0013] The meniscus-like negative lens of the two lenses of the aforementioned 1st group 
optical system most located in a body side is characterized by negative refractive power 
considering as the aspheric surface of the configuration which becomes weak by the zoom lens 
concerning this invention indicated to the claim 3 as the lens side by the side of an image 
separates from an optical axis. The positive lens of the four lenses of the aforementioned 2nd 
group optical system most located in a body side is characterized by positive refractive power 
considering as the aspheric surface of the configuration which becomes weak by the zoom lens 
concerning this invention indicated to the claim 4 as the lens side by the side of a body 
separates from an optical axis. 
[0014] 

[Function] Namely, the zoom lens by the claim 1 of this invention The 1st group optical system 
which has negative refractive power one by one toward an image side from a body side While 
preparing the aperture diaphragm which arranges the 3rd group optical system which has the 2nd 
group optical system and the positive refractive power which have positive refractive power and 
moves to the body side of the aforementioned 2nd group optical system at this 2nd group optical 
system and one at the time of zooming Zooming from a wide angle edge to a tele edge is faced 
the aforementioned 1st group optical system By moving an optical-axis top to an image side 
first, and reversing the move direction to a body side on the way, it moves to an image side at 
the convex arc of a convex, and change of a focal position is rectified, the aforementioned 2nd 
group optical system It considers as the composition which moves to the convex arc of a convex 
and performs variable power to a body side by the aforementioned 3rd group optical system's 
carrying out body side HE movement of the optical-axis top first, and reversing the move 
direction to an image side on the way by moving an optical-axis top to a body side in monotone 
and performing variable power. 

[0015] and the synthetic focal distance of the whole system [ in / f M and a wide angle edge / 
for the focal distance of the Mth group optical system (M=1-3) ] — fW ** — the time of 
carrying out — these — conditional )2.62<|f1 |/fW <2.72 (f1 <0) 
(2)f3 /fW <3.4(3)0.57<f2 /f3 <0.65 (f2 >0,f3 >0) 

It constitutes so that it may carry out ** satisfactory. Movement magnitude of the 2nd group is 
lessened, it can be small and high variable power can be made to be able to make assistance of 
variable power able to bear, making the power burden of the 2nd group optical system mitigate 
and to realize by such composition, by carrying out both-way movement of the 3rd group optical 
system. By making the range of the focal distance of the 1st group optical system into the range 
of conditions (1) especially, a zoom lens is miniaturized and aberration is lessened. 
[0016] Moreover, by making positive refractive power of the 3rd group optical system into the 
range of conditions (2), an exit-pupil position is made to estrange from the image surface and 
tele cent rucksack nature is given, in spite of being few lens number of sheets furthermore by 
making distribution of the positive refractive power of the 2nd group optical system and the 3rd 
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group optical system into the range of conditions (3) — small — aberration — good — an 
amendment — things are made Therefore, while being able to obtain 3 times or the variable 
power ratio beyond it and being able to make an exit-pupil position fully estrange from the image 
surface by few lens number of sheets, distortion aberration can be suppressed, it is small and 
aberration is able to constitute as a few suitable bright wide angle zoom lens for a digital still 
camera etc. 

[0017] As for the zoom lens by the claim 2 of this invention, the aforementioned 1st group 
optical system goes to an image side from a body side. It has two lenses which come to arrange 
the meniscus-iike negative lens which turned the convex to the body side, and the meniscus-like 
positive lens which turned the convex to the body side one by one. And the positive lens to 
which the aforementioned 2nd group optical system turned the refracting interface strong 
against a body side one by one toward the image side from the body side, It has four lenses 
which come to arrange the meniscus-like positive lens which turned the convex to the body side, 
the meniscus-like negative lens which turned the convex to the body side, and the meniscus-like 
positive lens which turned the convex to the body side. While constituting a zoom lens from few 
lens number of sheets and making a lens outer diameter small especially by such composition, 
the aberration generated by the 2nd lens group is amended effectively. 

[0018] The zoom lens by the claim 3 of this invention makes the lens side by the side of the 
image of the meniscus-like negative lens of the two lenses of the aforementioned 1 st group 
optical system most located in a body side the aspheric surface of the configuration to which 
negative refractive power becomes weak as it separates from an optical axis. By such 
composition, the negative distortion aberration which increases by the short focal distance side 
especially is amended effectively. The zoom lens by the claim 4 of this invention makes the lens 
side by the side of the body of the positive lens of the four tenses of the aforementioned 2nd 
group optical system most located in a body side the aspheric surface of the configuration to 
which positive refractive power becomes weak as it separates from an optical axis. By such 
composition, it prevents that it becomes insufficient especially rectifying spherical aberration. 
[0019] 

[The gestalt of implementation of the 1st of invention] Hereafter, based on the gestalt of 
operation, the zoom lens of this invention is explained in detail with reference to a drawing. 
Drawing 1 shows the composition of the important section of the zoom lens concerning the 
gestalt of operation of the 1st of this invention, (a) of draw ing 1 shows the lens composition in 
the state where this zoom lens was set as the wide angle edge of zooming, and (b) of drawing 1 
shows the lens composition in the state where this zoom lens was set as the tele edge of 
zooming. 

[0020] 3rd lens group [ which it reaches 2nd lens group G2 and is the 3rd group optical system ] 
G3 whose zoom lens shown in drawing 1 is the 1st lens group G1 and the 2nd group optical 
system which are the 1st group optical system one by one toward a photographic subject, i.e., 
body, side to an image side is arranged, the 1st lens group G1 consists of two lenses LI and L2, 
and constitutes the 2nd lens group G2 from four lenses L3, L4, L5, and L6 — having — the 
[ and ] — 3 lens groups G3 consists of one lens L7 

[0021] Aperture-diaphragm S is arranged between the body sides G1 of the 2nd lens group G2, 
i.e., this 2nd lens group G2 and the 1 st lens group. The filter F of 3rd lens group G3 with which it 
comes to put a low pass filter (LPF) L8 and the infrared light cut-off filter (IRCF) L9 together is 
further formed between the image surfaces at the image side. That is, optical elements L1-L7 
are lenses, and optical elements L8 and L9 are light filters. The 1st lens group G1 which consists 
of lenses L1 and L2 has negative refractive power. The 2nd lens group G2 which consists of 
lenses L3-L6 has positive refractive power. 3rd lens group G3 which consists of a lens L7 has 
positive refractive power. 

[0022] As shown in drawing 1 on the occasion of zooming of tele edge HE from a wide angle 
edge, the 1st lens group G1 carries out image side HE movement of the optical-axis top first, 
reverses the move direction from the middle, and moves to a body side. The 1st lens group G1 
amends the change of a focal position for [ edge / wide angle ] zooming of tele edge HE in this 
way by drawing the locus of a convex arc of a convex and moving to an image side. The 2nd lens 
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of the positive lens L3 which turned the refracting interface strong against a body side, a 
meniscus-like positive lens L4 which turned the convex to the body side, a meniscus-like 
negative lens L5 which turned the convex to the body side, and a meniscus-like positive lens L6 
which turned the convex to the image side. These four lenses L3-L6 are arranged in order of 
L3-L4-L5-L6 one by one toward an image side from the body side. 

[0029] The whole was constituted from few lens number of sheets, and moreover, in order to 
make a lens outer diameter small, the negative lens L1 which constitutes the 1st lens group G1 
is arranged to the body side. And generating of spherical aberration is first suppressed for the 
spherical aberration generated by the 2nd lens group G2, comatic aberration, and astigmatism as 
much as possible by the positive lenses L3 and L4 of two sheets at an amendment sake, positive 
refractive power is acquired as a whole, following it, it supposes that an amendment is 
superfluous at a negative lens L5, and the field angle difference of each aberration is equalized 
by the positive lens L6 which continues further. (The above corresponds to the claim 2 of this 
invention.) 

[0030] The meniscus-like negative lens L1 which turned the convex to the body side of the 1st 
lens group G1 arranged most at a body side forms the lens side by the side of an image in the 
aspheric surface of the configuration to which negative refractive power becomes weak as it 
separates from an optical axis. Thus, the negative distortion aberration which increases 
especially by the short focal distance side is rectified by forming the aspheric surface of the 
configuration to which negative refractive power becomes weak as the lens side by the side of 
the image of the negative lens L1 of the shape of a meniscus by the side of a body separates 
from an optical axis most of the 1st lens group G1. (The above corresponds to the claim 3 of 
this invention.) 

[0031] The positive lens L3 which turned the refracting interface strong against the body side of 
the 2nd lens group G2 arranged most at a body side forms the lens side by the side of a body in 
the aspheric surface of the configuration to which positive refractive power becomes weak as it 
separates from an optical axis. Thus, it has prevented that it mainly becomes insufficient 
rectifying spherical aberration by forming the aspheric surface of the configuration to which 
positive refractive power becomes weak as the lens side by the side of the body of the positive 
lens L3 of the 2nd lens group G2 which is in a body side most separates from an optical axis. 
(The above corresponds to the claim 4 of this invention.) 
[0032] 
[0033] 

[The 1st example] Next, the concrete data of the zoom lens of the 1st example concerning the 
gestalt of the 1 st operation mentioned above are shown in Table 1-3. Table 1 is lens data of 
the optical system which constitutes a zoom lens, Table 2 is data of the aspheric surface and 
Table 3 is data of the good variate of a variable part. When this zoom lens makes the focal 
distance of the whole system to f and makes [ the f number ] omega and image quantity Y' for 
F/No. and a half-field angle, it is f= 5.6H 6.8mm, F/No =2.8-5.1 , omega=32.2-1 1 .7deg, and 
Y -3.47, respectively. The field number from the body side of the optical surface which 
constitutes optical system i 0=1-18), A spacing with the optical surface (optical surface which 
adjoins an image side) of ri and consecutiveness for the radius of curvature of each optical 
surface di, an optical-element number — j (that is, each optical element is expressed wjth Lj 
(natural number of j=1-10)), and optical element Lj the refractive index of an optical material — 
nj and optical element Lj the Abbe number of an optical material — nuj ** — it carries out and 
the lens data of the optical system which constitutes a zoom lens are shown in Table 1 
[0034] 
[Table 1] 
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[0035] radius of curvature ri of Table 1 "0.000" which can be set — the notation — radius of 
curvature ri It means that it is infinity (infinity) and it is shown that the optical surface 
concerned is a flat surface. Therefore, both sides 16, 17, and 18 of the optical elements L8 and 
L9 which constitute Filter F are flat surfaces, and both [ these ] the optical elements L8 and L9 
are densely joined in respect of 17. 

[0036] Table 1 — setting — the 2nd optical surface 2 and the 6th optical surface 6, the [ i.e., ], 
— the [ the lens side 2 by the side of the image of the negative lens L1 of the shape of a 
meniscus of 1 lens group G1 arranged most at a body side, and ] — the lens side 6 by the side 
of the body of the positive lens L3 of 2 lens groups G2 arranged most at a body side is made 
into the aspheric surface When the aspheric surface makes an optical axis agree, makes an 
optical axis and a Z coordinate shaft cross at right angles and takes a Y coordinate like common 
knowledge, it is the curved surface which is made to rotate the curve which r and a cone 
constant are expressed with K and expressed with several 1 in the radius of curvature on an 
optical axis considering a high order aspheric surface coefficient as A, B, and C around an 
optical axis, and is obtained. 
[0037] 
[Equation 1] 

(1/r) XY 2 

Z= -HAY 4 +BY 6 +CY 8 

1+V 1- (l+K) (Y/r) 2 

That is, the aspheric surface specifies a configuration by giving and defining each parameter of 
the radius of curvature r on an optical axis, the cone constant K and a high order aspheric 
surface coefficient A, and B and C as the formula of the several 1 aspheric surface. 
[0038] It follows. The 2nd optical surface 2 in Table 1, the lens side 2 by the side of the image of 
the meniscus-like negative lens L1 which was got blocked and turned the convex to the body 
side of the 1st lens group G1 arranged most at a body side and the 6th optical surface 6 in Table 
1, and a refracting interface strong against the body side of the 2nd lens group G2 of jamming 
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arranged most at a body side The lens side 6 by the side of the body of the turned positive lens 
L3 is formed in the radius of curvature r on the optical axis shown in Table 2, the cone constant 
K and a high order aspheric surface coefficient A, and the aspheric surface defined by each 
parameter of B and C. 



[0039] 
[Table 2] 




K 


A 


B 


C 


r 2 


-0.48910 


-1. 17784E-4 


4. 42787E-6 


-2.03162E-7 


r 6 


-2.30557 


-5.51748E-5 


-2.74870E-6 


-8. 10602E-8 



[0040] It sets to Table 1 and is Spacing di. The 4th optical surface 4 made "adjustable", the 13th 
optical surface 13, and the 15th optical surface 15, It changes, as the spacing d4 with the 
following optical surfaces (field number) 5, 14, and 16, d13 and d15, the wide angle edge whose 
focal distance f of the whole system is 5.60mm, the middle focal distance whose focal distance f 
is 9.70mm, and a focal distance fare shown in Table 3 in the tele edge which is 16.80mm. 

0041] 

;Table3] 



f 


5. 60 


9. 70 


16. 8 0 


d 4 


16.18 


6.5 1 


1.6 0 


d 13 


2. 2 6 


6. 95 


16. 64 


<* is 


1. 00 


1. 3 3 


0. 7 1 



[0042] The distance from the 1st optical surface of the lens overall length in the wide angle edge 
in this case, i.e., optical system, to the image surface is 40.06mm. The aberration view in this 1st 
example is shown in drawing 2 - drawin g 4 . Drawin g 2 is an aberration view [ in / a tele edge / a 
wide angle edge and drawin g 3 , and / in drawin g 4 ]. / a middle focal distance In addition, in the 
aberration view, in spherical aberration and SC, sine condition and Ast show astigmatism and 
Dist shows [ SA ] distortion aberration, "d" in each aberration view shows the aberration over d 
line, and "g" shows the aberration over g line. The solid line shows the sagittal ray and the 
dashed line shows [ in / the astigmatic view / in a spherical-aberration view, are a solid line 
about spherical aberration, and a dashed line shows sine condition, respectively, and ] the 
meridional beam of light, respectively. According to drawing 2 - drawing 4 , also in any of the 
wide angle edge in a zoom region, a middle focal distance, and a tele edge, aberration is rectified 
good and it was checked that a performance is good. 
[0043] 

[The gestalt of implementation of the 2nd of invention] Drawing 5 shows the composition of the 
important section of the zoom lens concerning the gestalt of operation of the 2nd of this 
invention, (a) of drawing 5 shows the lens composition in the state where this zoom lens was set 
as the wide angle edge of zooming, and (b) of drawing 5 shows the lens composition in the state 
where this zoom lens was set as the tele edge of zooming. 3rd lens group G3[ whose zoom 
lenses shown in drawing 5 are 1st lens group GT which is the 1st group optical system one by 
one toward a photographic subject, i.e., body, side to an image side, and the 2nd group optical 
system / which it lens / 2nd / group G2' reaches, and is the 3rd group optical system ] ' is 
arranged. 

[0044] 1st lens group GV consists of two lens LY and L2\ and 2nd lens group G2' consists of 
four lens L3\ L4', L5\ and L6' — having — the [ and ] — 3 lens groups G3' consists of one lens 
L7' the body side of 2nd lens group G2\ the [ i.e., ], — aperture-diaphragm S is arranged 
between 1 lens group GT The filter F with which it comes to put together the completely same 
low pass filter L8 and completely same infrared light cut-off filter L9 as a case of the gestalt of 
the 1st operation of 3rd lens group G3' which are shown in an image side between the image 
surfaces at drawing 1 is formed further. That is, optical-element L1' - L7' is a lens, and optical 
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elements L8 and L9 are light filters. 

[0045] In addition, in dr awin g 5 , although the sign of each spacing is omitted, it is the same as 
the sign given to drawing 1 . 1st lens group GY which consists of lens LI' and L2' has negative 
refractive power. 2nd lens group G2' which consists of lens L3-L6' has positive refractive power. 
3rd lens group G3' which consists of lens L7' has positive refractive power. 1st lens group G1* 
carries out image side HE movement of the optical-axis top first on the occasion of zooming of 
tele edge HE from a wide angle edge, reverses the move direction from the middle, and moves to 
a body side. 1st lens group GY amends the change of a focal position for [ edge / wide angle J 
zooming of tele edge HE in this way by drawing tracing of a convex arc of a convex and moving 
to an image side. 

[0046] 2nd lens group G2' moves an optical-axis top to a body side in monotone on the occasion 
of zooming of tele edge HE from a wide angle edge. 3rd lens group G3' carries out body side HE 
movement of the optical-axis top first on the occasion of zooming of tele edge HE from a wide 
angle edge, reverses the move direction from the middle, and moves to an image side. In this 
way, 3rd lens group G3' draws tracing of a convex arc of a convex, and moves to a body side. It 
lens [ 2nd ] group G2' Reaches, and zooming of tele edge HE is performed from a wide angle 
edge by these variable power operation by movement of 3rd lens group G3\ Thus, by making the 
convex arc of a convex carry out both-way movement of 3rd lens group G3' at a body side, 
assistance of variable power is made to bear, making the power burden of 2nd lens group G2' 
mitigate, and movement magnitude of 2nd lens group G2' is lessened, and it is small and makes it 
possible to make high variable power realize. 

[0047] Aperture-diaphragm S located in the body side of 2nd lens group G2' moves to 2nd lens 
group G2' and one. Therefore, movement of 2nd lens group G2' is not barred by aperture- 
diaphragm S. above 1st 3rd lens group GT - G3' — the case of the gestalt of the 1st operation 
— the same — the focal distance of the Mth lens group (M=1-3) — fM ** — synthetic focal 
distance fW of the whole system [ in / a wide angle edge / it carries out and ] ** — when 
carrying out, it is constituted so that condition (1) - (3) mentioned above may be satisfied 
[0048] As shown in drawing 5 , 1st lens group GV consisted of meniscus-like negative-lens LI' 
which turned the convex to the body side, and meniscus-like positive-lens L2' which turned the 
convex to the body side, and arranges these two lens LY and L2' in order of LV-L2' one by one 
toward an image surface side from the body side. Moreover, positive-lens L3' to which 2nd lens 
group G2' turned the refracting interface strong against a body side, Meniscus-like positive-lens 
L4' which turned the convex to the body side, meniscus-like negative-lens L5' which turned the 
convex to the body side, And it consisted of meniscus-like positive-lens L6' which turned the 
convex to the image side, and these four lens L3' - L6' is arranged in order of L3'-L4'-L5'-L6' 
one by one toward an image side from the body side. 

[0049] Negative-lens L1' of the shape of a meniscus of 1st lens group GV arranged most at a 
body side forms the lens side 2 by the side of an image in the aspheric surface of the 
configuration to which negative refractive power becomes weak as it separates from an optical 
axis. Positive-lens L3' of 2nd lens group G2' arranged most at a body side forms the lens side 6 
by the side of a body in the aspheric surface of the configuration to which positive refractive 
power becomes weak as it separates from an optical axis. 
[0050] 

[The 2nd example] Next, the concrete data of the zoom lens of the 2nd example concerning the 
gestalt of the 2nd operation mentioned above are shown in Table 4 " 6. Table 4 is lens data of 
the optical system which constitutes a zoom lens, Table 5 is data of the aspheric surface and 
Table 6 is data of the good variate of a variable part, this zoom lens — the focal distance of f= 

5.6-1 6.8mm of the whole system, and f number F/No =2.8-5.1 — half it is field angle 

omega=32.2-1 1.8deg and image quantity Y -3.47 

[0051] 

[Table 4] 
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[0052] the 2nd optical surface d in Table 4, the [ i.e., ], — the lens side 2 by the side of the 
image of negative-lens L1 f of the shape of MENISUKA of 1 lens group GT arranged most at a 
body side and the 6th optical surface 6 in Table 4, the [ i.e., ], — the lens side 6 by the side of 
the body of positive-lens L3' of 2 lens groups G2' arranged most at a body side It is formed in 
the radius of curvature r on the optical axis shown in Table 5, the cone constant K and a high 
order aspheric surface coefficient A, and the aspheric surface defined by each parameter of B 
and C. 
0053] 

table 5] . 





K 


A 


B 


C 




-0. 51816 


-4. 55330E-5 


5. 23933E-6 


-1. 75866E-7 


r 6 


-2. 59597 


-5. 94777E-5 


-3. 79326E-6 


-6. 68516E-8 



[0054] It sets to Table 1 and is Spacing di. The spacing with the next optical surfaces (field 
number) 5, 14, and 16 of the 4th optical surface 4 made "adjustable", the 13th optical surface 
13, and the 15th optical surface 15 changes, as the wide angle edge whose focal distance f of 
the whole system is 5.60mm, the middle focal distance whose focal distance f is 9.70mm, and a 
focal distance f are shown in Table 6 in the tele edge which is 16.81mm. 

0055] 

Table 6] 
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[0056] The distance from the 1st optical surface 1 of the lens overall length in the wide angle 
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edge in this case, i.e. r optical system, to the image surface is 38.06mm. The aberration view in 
this 2nd example is shown in drawing 6 - drawing 8 . Drawing 6 is an aberration view [ in / a tele 
edge / a wide angle edge and drawing 7 , and / in drawing. 8 ]. / a middle focal distance 
According to d rawin g 6 - drawing 8 , also in any of the wide angle edge in a zoom region, a 
middle focal distance, and a tele edge, aberration is rectified good and it was checked that a 
performance is good. 
[0057] 

[The gestalt of implementation of the 3rd of invention] D rawin g 9 shows the composition of the 
important section of the zoom lens concerning the gestalt of operation of the 3rd of this 
invention, (a) of d rawin g 9 shows the lens composition in the state where this zoom lens was set 
as the wide angle edge of zooming, and (b) of drawing 9 shows the lens composition in the state 
where this zoom lens was set as the tele edge of zooming, the 1 st whose zoom lens shown in 
drawing 9 is the 1st group optical system one by one toward an image side from a photographic 
subject, i.e., body, side — the 2nd which is lens group Gl" and the 2nd group optical system — 
the [ lens group G2" and ] — 3rd lens group G3" which is 3 group optical system is arranged 
[0058] the — one — a lens — a group — G — one — " — two — a sheet — a lens — L — 
one — " — and — L — two — " — constituting — having — the — two — a lens — a group - 

— G — two — " — four — a sheet — a lens — L — three — " — L — four — " — L — five - 

- " — and — L — six — " — constituting — having — the — 3 lens the 2nd — a lens group 
G2" body side, i.e., the 1st, — aperture-diaphragm S is arranged between lens group G1" The 
filter F with which it comes to put the still more nearly same low pass filter L8 as **** between 
the image surfaces to an image side and the infrared light cut-off filter L9 of 3rd lens group G3" 
together is formed. That is, an optical element L1 "-L7" is a lens, and optical elements L8 and 
L9 are light filters. 1st lens group G1" which consists of lens L1" and L2" has negative 
refractive power. A lens L3 "the 2nd lens group G2 which consists of -L7"" has positive 
refractive power. 3rd lens group G3" which consists of lens L7" has positive refractive power. 
[0059] the 1st — lens group G1 " — zooming of a wide angle edge to tele edge HE — facing — 
an optical-axis top — first — image side HE movement — carrying out — on the way — the 
shell move direction is reversed and it moves to a body side the 1st — the change of a focal 
position for [ edge / wide angle ] zooming of tele edge HE by drawing tracing of a convex arc of 
a convex on an image side in this way lens group G1", and moving — an amendment the 2nd — 
lens group G2", an optical-axis top is moved to a body side in monotone on the occasion of 
zooming of tele edge HE from a wide angle edge 3rd lens group G3" carries out body side HE 
movement of the optical-axis top first on the occasion of zooming of tele edge HE from a wide 
angle edge, reverses the move direction from the middle, and moves to an image side. In this 
way, 3rd lens group G3" draws tracing of a convex arc of a convex, and moves to a body side, 
these [ 2nd ] — the [ lens group G2" and ] — zooming of tele edge HE is performed from a wide 
angle edge by variable power operation by movement of 3 lens groups G3" 

[0060] thus, the thing made for the convex arc of a convex to carry out both-way movement of 
3rd lens group G3" at a body side — the 2nd — assistance of variable power is borne, making a 
lens group G2" power burden mitigate — making — the 2nd — lens group G2" movement 
magnitude is lessened, and it is small and makes it possible to make high variable power realize 
the 2nd — aperture-diaphragm S located in a lens group G2" body side — the 2nd — it moves 
to lens group G2" and one therefore, aperture-diaphragm S — the 2nd — movement of lens 
group G2" is not barred the above 1st - the 3rd lens group G1 "-G3" — the case of the gestalt 
of the 1st and the 2nd operation — the same — the focal distance of the Mth lens group (M=1- 
3) — fM ** — synthetic focal distance fW of the whole system [ in / a wide angle edge / it 
carries out and ] ** — when carrying out, it is constituted so that condition (1) - (3) mentioned 
above may be satisfied 

[0061] it is shown in drawing 9 — as — the 1st lens group G — it consisted of negative-lens 
LI" of the shape of a meniscus which turned the convex to the body side, and positive-lens L2" 
of the shape of a meniscus which turned the convex to the body side, and lens L1" of these two 
sheets and 1" L2" are arranged in L1 "-L2" order one by one toward an image surface side from 
the body side moreover, the 2nd — positive-lens L which turned the refracting interface strong 
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against a body side lens group G2" — 3" Positive-lens L4" of the shape of a meniscus which 
turned the convex to the body side, negative-lens L5" of the shape of a meniscus which turned 
the convex to the body side, And it consisted of positive-lens L6" of the shape of a meniscus 
which turned the convex to the image side, and these four lenses L3 "-L6" are arranged in L3 
"-L4"-L5 "-L6" order one by one toward an image side from the body side. 
[0062] the 1st — negative-lens L1" of the shape of a lens group G1" meniscus arranged most 
at a body side is formed in the aspheric surface of the configuration to which it is alike, and it 
follows and negative refractive power becomes weak which separates the lens side 2 by the side 
of an image from an optical axis the 2nd — lens group G2" positive-lens L3" arranged most at a 
body side, the lens side 6 by the side of a body is formed in the aspheric surface of the 
configuration to which it is alike, and it follows and positive refractive power becomes weak 
which separates from an optical axis 
[0063] 

[The 3rd example] Next, the concrete data of the zoom lens of the 3rd example concerning the 
gestalt of the 3rd operation mentioned above are shown in Table 7-9. Table 7 is lens data of 
the optical system which constitutes a zoom lens, Table 8 is data of the aspheric surface and 
Table 9 is data of the good variate of a variable part, this zoom lens — the focal distance of f= 

5.6-1 6.8mm of the whole system, and f number F/No =2.8-5.0 — half it is field angle 

omega=32.2-1 1.7deg and image quantity Y-3.47 
0064] 

Table 7] 
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[0065] the 2nd optical surface 2 in Table 7, i.e., the 1st, — the lens side 2 by the side of a 
negative-lens L1" [ of the shape of a lens group G1" meniscus arranged most at a body side ] 
image and the 6th optical surface 6 in Table 7, i.e., the 2nd, — the lens side 6 by the side of a 
body with a positive-lens L3" of lens group G2" arranged most at a body side It is formed in the 
radius of curvature r on the optical axis shown in Table 8, the cone constant K and a high order 
aspheric surface coefficient A, and the aspheric surface defined by each parameter of B and C. 
[0066] 
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[Table 8] 




K 


A 


B 


C 


r 2 


-0. 45712 


-7.34889E-5 


4. 72867E-6 


-1. 92517E-7 


r 6 


-2. 08733 


-4.40893E-5 


-3. 65895E-6 


-7. 36708E-8 



[0067] It sets to Table 7 and is Spacing di. The spacing with the next optical surfaces (field 
number) 5 f 14, and 16 of the 4th optical surface 4 made "adjustable", the 13th optical surface 
13, and the 15th optical surface 15 changes, as the wide angle edge whose focal distance f of 
the whole system is 5.60mm, the middle focal distance whose focal distance f is 9.70mm, and a 
focal distance fare shown in Table 9 in the tele edge which is 16.80mm. 



0068] 
Table 9] 
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[0069] In this case, the distance from the 1 st optical surface of the lens overall length in a wide 
angle edge, i.e., optical system, to the image surface is 39.08mm. The aberration view in this 3rd 
example is shown in drawing 10 - drawing 1 2 . Drawing 10 is an aberration view [ in / a tele 
edge / a wide angle edge and drawing 1 1 , and / in drawing 12 ]. / a middle focal distance 
According to drawing 1 0 - drawing 12 , also in any of the wide angle edge in a zoom region, a 
middle focal distance, and a tele edge, aberration is rectified good and it was checked that a 
performance is good. Each parameter |f1 |/fW in the 1st mentioned above - the 3rd example, 
f3 /2 / f3, and an image quantity ratio: The distortion aberration DW (1.0) in the wide angle edge 
in 1.0 is shown in Table 10. [ fW and f2 ] 



0070] 
Table 10] 
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[0071] As mentioned above, according to the 1st of this invention - the 3rd example, a variable 
power ratio makes an exit-pupil position fully estrange from the image surface by 3 times, 
moreover, it is small, and aberration is rectified good, and it can consider as a zoom lens with 
still less lens number of sheets which suppressed distortion aberration to 2% or less. Such a 
zoom lens can be constituted as a suitable bright wide angle zoom lens for a digital still camera 
etc. 
[0072] 

[Effect of the Invention] As stated above, according to the claim 1 of this invention, it goes to an 
image side from a body side. The 3rd group optical system which has the 1st group optical 
system which has negative refractive power, the 2nd group optical system which has positive 
refractive power, and positive refractive power one by one is arranged. While preparing the 
aperture diaphragm which moves to this 2nd group optical system and one at the time of 
zooming in the body side of the aforementioned 2nd group optical system, zooming from a wide 
angle edge to a tele edge is faced, the aforementioned 1 st group optical system By moving an 
opticahaxis top to an image side first, and reversing the move direction to a body side on the 
way, it moves to an image side at the convex arc of a convex, and change of a focal position is 
rectified, the aforementioned 2nd group optical system It considers as the composition which 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgLejje 



2003/01/08 



14/14 ^— > 



moves to the convex arc of a convex and performs variable power to a body side by the 
aforementioned 3rd group optical system's carrying out body side HE movement of the optical- 
axis top first, and reversing the move direction to an image side on the way by moving an 
optical-axis top to a body side in monotone, and performing variable power, and the synthetic 
focal distance of the whole system [ in / fM and a wide angle edge / for the focal distance of 
the Mth group optical system (M=1-3) ] — fW ** — the time of carrying out — these — 
conditional )2.62<|f1 |/fW <2.72 (f1 <0) 
(2)f3 /fW <3.4(3)0.57<f2 /f3 <0.65 (f2 >0 t f3 >0) 

By constituting so that it may carry out ** satisfactory, 3 times or the variable power ratio 
beyond it is obtained. Can make an exit-pupil position fully able to estrange from the image 
surface, and moreover can suppress distortion aberration, and moreover it is small and 
aberration is able to constitute as a few suitable bright wide angle zoom lens for a digital still 
camera etc. There is little lens number of sheets needed especially, and moreover it is small, and 
the zoom lens with which aberration was rectified good can be offered. 

[0073] According to the zoom lens of the claim 2 of this invention, the aforementioned 1st group 
optical system goes to an image side from a body side. It has two lenses which come to arrange 
the meniscus-like negative lens which turned the convex to the body side, and the meniscus-like 
positive lens which turned the convex to the body side one by one. And the positive lens to 
which the aforementioned 2nd group optical system turned the refracting interface strong 
against a body side one by one toward the image side from the body side, By composition which 
has four lenses which come to arrange the meniscus-like positive lens which turned the convex 
to the body side, the meniscus-like negative lens which turned the convex to the body side, and 
the meniscus-like positive lens which turned the convex to the image side especially few lens 
number of sheets — a zoom lens — constituting — the [ and ] — the aberration generated by 
the 2nd lens group while arranging the negative lens of the 1 group optical system to a body side 
and making a lens outer diameter small — effective — an amendment — things are made 
[0074] the negative distortion aberration which increases by the short focal distance side 
especially by composition which makes the lens side by the side of the image of the meniscus- 
like negative lens of the two lenses of the aforementioned 1st group optical system most located 
in a body side the aspheric surface of the configuration to which it is alike, and it follows and 
negative refractive power becomes weak which separates from an optical axis according to the 
zoom lens of the claim 3 of this invention — effective — an amendment — things are made 
According to the zoom lens of the claim 4 of this invention, it can prevent that it becomes 
insufficient especially rectifying spherical aberration by composition which makes the lens side 
by the side of the body of the positive lens of the four lenses of the aforementioned 2nd group 
optical system most located in a body side the aspheric surface of the configuration to which 
positive refractive power becomes weak as it separates from an optical axis. 



[Translation done.] 
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»2»#*»B\ iMW^Mij^^ot, Mf&. » 

ttfc^-x^^cOjEl/vX, ^#:fti]^affiSr|6]Jtfc^ 

tc* xyt<DlE U ^XSrBEB LTft <5 4 o<£> U >-X 

x 0 

[If #:* 3 ] ffiiaft 1 2 u- >Xtf> 5 

S^X-Ai/yX, 

ftffiV hZ^k It&m k1rZ> ftikm 2 * fc H: 3 ^|B*fiO 
X— A u>X 0 

[«n<z>&MftK9n 

[00 0 1] 

BSW<0«-*-5ttfl5#HF] X-AuvX^ft 



[000 2] 

l:M>Tlt CCD (effiftS^St^) *fctt 

mos (ftJUftfctt¥«*> .^^HflHMkJlf^^lWfcffl 

IC ^-K4/clifr^7n-7t-f>f^ 

[0 0 0 3] rcoj: 5*CCDIf<0@fls:«» 

OJ: 5ft3SSJcj:5o HP*>. H^Jt'lft^^fe^ -f 

[0 0 0 4] ifc, #{^^i5<7)ig^S^/J^®H»:il^* 
^T'te, MlOjliC^^Pi/yXTK^ot 

ft9. CCD«OHfls:»»g!l^«rfflV^c*^7lciiffl-f 
[0 0 0 5] ^rT\ i2l/>XH^I^ jE*<0®W 

^ttx^D, ^< 0X-Ai/yX^i^^titi>5 0 d 
Oiplc. *2i/VX80ft*i:, TE^BtfT^^Wi-^ 

#^¥3-2 0 7 3 5#4fc*L #^¥7-5 2 2 
5 6 »iLXf#m¥>6 - 9 4 9 9 6 #^*«c^» 

^£*XTV>£ 0 L^bfttfSfe. ^¥3-2 0 7 3 5^- 

*3j;(/M¥7 - 5 2 2 5 e^mm\zmm^ih 

[0 00 6] :ofc^ :ti^¥3-20 7 3 5f 
4**L fci^«p»¥7-5 2 2 5 6#^»«r|B«feSHfc 



(3) 



ftm¥~l 1 -1 9 4 2 7 



#fJ¥6 -9 4 .9 9 6^S(C|5«c^ixfcX-AU>X 

2tt«c!:ir*oT^5. 
[0 0 0 7] 

1¥9- 1 4 3 0 8^C, 

S¥9- 1 4 3 0 8#fcB***tfcX— AuyXlt M 

[0 0 0 81 tZX\ *tBiSA«. *6^Sft«ilS:» 
«5V^flX-Ai/yXt LTs 43«^9 - 2 6 9 1 7 

*»j{5n?«t v «NH¥9 — 2 6 9 1 7 0 #fclB*ttf>X— A 

[0 0 0 9] Jr»Ufc»fl!f^«*T4**tfc 

PJ 5 v xj£* X— A i/yXHT 5 r t & »im ft X 

< % u^t)/hS-ejao©ai35Sft»^*Esttfcx-A u 

[0 0 1 0] . *«M<Ol»*3S2^B»tt, '>ftv> 
i/VxWMU, S.oi^X0«/]*£ 
*>K, * 2 u^X»T«^i-5JRS*S6*W^«jEi-5 

H*KSISrffijEb#^X— A u^XSrftflt-r-5 r t icfc 



[0 0 11] 

iE<OJB»f*S:*"t-5*2»**5Ki3 
2##^<a4MfcfflM^ X-^y^$Cii2Hm 

kSiStt^x-s^KiRu wiia*iwj£^*tt, 
fig^^^ffijEL, s9E*2pjt^tt ? jm±.*m 

»UT*«SrffV\ *M#3t^ (M=l~3) <£>*ftj£ 

(1) 2. 62<| f, |/f, <2. 72 ( £.., < 
0) 

(2) f 3 / f f < 3 . 4 

(3) 0. 57<f 2 /f 3 <0. 65 (f 2 >0, 
f 3 >0) 

[0 0 12] »*S2ic|EttU/t*5SWJ-«-5X— au 

^ X; ^ cd IE u v X S: SS B U T * 5 4 o o u v X & ^ ts 

[0 0 13] Wf*3g3^fEttU/h*3SM(cffSX— Au 
^Xtt, WES 1 2 o<o 1/ yX© t 

4fefrfli|(cffiai-5^^x*^^o^^^Xtt, Mtou 

«0**BBt Lfcr. bt&mt Ltv>5 Q »*3S4Jw|5 
*Lfc**Wfc«5X-Alx>Xtt % »fE*2#3t^» 
04o<Di/>X09t)^tt)feMllifitt5EuyX 

[0 0 14] 



(4) 



ftmW-l 1-19 4 2 7 



«r*#«^P^»»LT«flSP*:ffV\ ^ LTmiffiJg 3 

[0 0 1 5] -t LT, £M#ft^. (M= 1-3) <5D^ 

(1) 2. 6 2< I f , I /f t <2. 7 2 (f , < 

0) . 

(2) f 3 /f,<3; 4 

(3) 0. 57<f 2 / f 3 <0. 65 (f 2 >0, 
f 3 >0) 

h«t*«= (i) (ommt-tz- t^^^x. x-au> 

[0 0 16] ifc. m3f¥*:^^cDIEcOStff^^^f4 

(2) o^ia^-r^r. tiaot, »w«tffi«:S:«ffi^ 

(3) oeiafci-sr <ticj;oT. ^v^u^xikfsct? 

[0 0 17] 2 t £ 5 X- A 1/ yXli, 

■ lt452opi/yX*|fU B.offiE*2#*^ 
iftB^fattfcjEU-vX, i»#:«JirOffiS:rp]«tfc^^* 

lEU'VXSrBEfiLTfcS 4ooi/yXMt5 0 rcDi 



2 u>X»T«*rS«R2IS:a»*WJo«jEi"5o 
[0 0 18] *5S-W<Olt**3Jr J:5X— AuvXiS, 

ffiE* i 2 u >x<d o h^mi^mmz. 

iSLS-t 5 >< — * # x#t<D;ft 1/ :/XcDf£{McD u >Xffi£^ 
ft**** <b fth, 5 ^ co Jffilfcfc < ft 3 

*«4lcJ:5X-Ai/yXl^ iWIESJ2i$3te^tf>4o 
[0 0 19] 

•f-5. ii(t *^^mio^coff$jg(w^5X-^ 

U^Xtf}gffiO«j££^LT^5o mioo (a) te. se 
X — A u vX£X- * v/OJdKft«8{cSS Lfc^^Uc** 
JtSU^XflWiSr^U 131 O (b) te, SX-Ai/V 
X£X— ^ >-^0MiI««vlS:^U^*8(c*3tt5 u>X 

[0 0 2 0] ill^TfX-AuyXfi, 

5ilU>XlGl, S2imt'$)5i2l/yX|| 
G2fcJ;^3||^T^5^3 UVX£¥G3 ^Sl 
£;h/Ci^5 0 l^yXgGllj:, 2&CDU vXL 1 

i:tfL2f*«S^ »2uyX»G2li, 4ftcoi/> 
XL 3, L4, L5^i:^L6T«$^ ttt^3 
uyX#G3{ilft^l/yXL 7T«*§nTVN5„ 
[0 0 2 1] »2 l/yX»G2 0ftfMI(, "t"*tet)BEfB 

2 u^x«iG2 tii uvxi¥G i mum 
*) s^gae^^Ti^o 13 u^x»G3^$e>(^«i 

Kte, feffiirORHC, (LPF) L 8 

*5J;0^3fe*y h7-f^ (IRCF) L9«I^ 

***^L1-L7f±, U^Xt?*>9, jfc**^L8*5 
<fctfL9«\ *^7^7^t*>5. L-yXLlioitfL 
2^W5Ili/yX#Glit ftOJBJf^Srtt^o 
l/yXL3~L6^e>45*2l/>'XSG2lt IECDJ3 
*f*Sr*t-5. uyXL7^?)45»3i/yXSG3 

[0 0 2 2] »luyX|fGlit Kft«^6aa«^ 
(DX"^y^lT, !211lr7Fi-J:5{c, 7fctt_h?r* 

&W)~fZ> 0 mi U^XlGlIt ^<D£?{^ ^ftfJtCdi 

^giS^OX— ^ y^C^U^ IMl^fSi?: 
*jE-f5. «2U^X»G2Wt, JDKft«^&ait«^ 

5 0 S3uyX»G3(t JEA**^a»«^^>X— 5 



(5) 



VtmW* 11- 1 9 4 2 7 



[0 0 2 3] »3l/ VX|¥G 3 li. r^i: 7 

^Ci<oiaaiitt©iu»*itv^T»i!ii-s, ^tt&^2u> 

XiG2^J;0'l3l/yX«G3 0>IMftl::J: £'£{g®jf£ 

yX»G2©»ftiS;/>4< LT, /J^T-S.oS;gEffiFSr 
[0 0 2 4] »2 l/VTTlfG 2<^**«^ffiJI-t-5BlP 

^W:^ Wtfcl \ -bSEfg 1-«3U yX# G1-G3 
te, Hi i/^XJfG lOjS^EBtSrf i , S2i/>« 
G 2 <0«!jGtfE«4: f 2 . tlT*3uyXSG3^)IA 
ffi«*f 3 \ t4b*>*Ml/yX8 (M= 1-3) OjtR 

£rf. w X 5 

[0 0 2 5] &fl= (1) : 

2. 6 2 < I f , I / i f < 2. 72 ( f , <0) 
(2) 

f 3 /f w < 3. 4 
^fr (3) 

0, 57<f 2 /f 3 <0. 65 ( f 2 > 0 , f 3 
>0) 

ffiIEi-^/'ci60^1 u>-Xl¥G 1 co^^SESI f i <£>©IS 
Sra»li-5*fr-Cfc5,. *fl= (1) OT«*SlrcW\ u- 
>X^(Z>/hafb^«W*iJ"C*)5*5; IB 1 i/>Xig£G l 

«fci-3<0T\ fftt<4v\ £fc* *fl= (1) OJiPS 

[0 0 2 6] (2) te, 13 U-vXffifG 
0r#*«*W-5*frT?*>5. (2) <OJbPg£j&;t6 

(3) f*. ^lzlE(Dmmtf^ir^m2u> 
XffifG2 ifS3 uyXlfG3 fc OJS#r;^BS#£&$'H- 
5 c<£>3M* (3) li, I2i/yX8G2fc 

3 i/yX»G 3 ^XfV^ftSt tt, L^fc 

[0 0 2 7] (3) OTR*»Ttt, »3 UVX» 

U i3i/yXSG3 0BJf^«9fcJ6 



*«= (3) 0±|RS:jBx.ai: % .*3U^X*G3 
^SW^Ati^^^ "v>fti»/ « 2 u >Xi$G 2 <nmmt> 

Bk&ktiiS&* mi i/yX«Gl^ffiSf*^J:^ 
2 i^>X»G2co]E^H»f*W*dsa< *5«lRllCfc^ 

[0 0 2 8] Ml K*i-J: fgl uyXHG 1 tt, 

«j*fti|(di£bffiSr^]ttfe/ ^^*^ofti/yXL 1 „ *5 

ftfi'J^e>lfeffi«]^|fi]A-oT. Nft&, L 1 - L 2CO«l*T?ge 
BLTt^So »2l/yXSG2lt 4^#{M(;:3£^ 

JffiSmSrftttfclEU' yXL 3, #;*{R']{rdi®^^}itfc ^ 

yXL3-L6^#W^tiliiW^t, L 
3-L4-L5-L 6 60ji|lT*Sa^LT^5o 
[0 0 2 9] ^ft^/>^fV^U^Xft»-CfllAgL..■ 

IT, fg2 u>X|¥G 2 -C3S£-r 5 «ffiiR^, 

fri: LTjECQfflW^Sr»T. -^^xd^V^Trft U >X L 5 

3o ) 

[0 0 3 0] SI u->-X»G10*t^ftij^iaB$tL 
5ft#«i:dbIS:lRlltfc^ xftofi uyXL 1 
«\ ftlR'Jot^X®^ *tt^e>K*b5(^oTft^JB 

«l uyXifGlofttMMo/^*^* 
uyXLKOM^uyX®^ fttt^BittSl^o 

[0 0 3 1] S2 u-VX»G2<0»t4fc*i»J^Ba«*tt 

<■*^«tt«>*«K^c»/ifcbTV^S. r<oj:5^, IS 2 
U^XgfG 2Oft*>^ft:fti|^fc^iEU>XL-3C0^fiiJ 

[0 0 3 2] 
[0 0 3 3] 



(6) 



&ffl¥-l 1- 1 9 4 2 .7 4 



im i <onmm<DX-^ u >X(o^w^=f-9 &m i 

>Xii. ^OjSS^SEBISrf % F:h>/<£F/No. , ^® 

*5,fctffftiSSS:Y' tUctf, We*tf = 
5 . 6-16. 8 mm; F/No. -2. 8-5. 1, w = 3 
2. 2-11. 7cieg , Y' =3. 4 7Tfc5 0 
■*«^i"5^ffiO!»i*:tt]A>e>(OiB#-§-S: i (i=l~ 



is), ^ioB^^r; v '&m<DK*£m m 

vj i: It, X— Al/yX^MtS^Oi/VXr 

[0 0 3 4] 
[* 1 1 



i. 


r i 


d i 


j 
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2 9. 6 0 3 


0. 80 


1 


1. 6 9 3 5 0 


5 3. 2 0 


2 


5. 0 1 6 


2. 78 








3 


8. 8 3 7 


1. 67 


2 


1. 8 4 6 6 6 


2 6. 10 


4 


14. 18 4 










5 




0. 50 








6 


15. 5 5 4 


1.3 5 


3 


1. 69350 


53. 20 


7 


-5 3. 6 6 7 


0. 1 0 








8 


5. 7 9 7 


1. 4 1 


4 


1. 69680 


5 5.50 


9 


2 4. 2 18 


0. 29 








1 0 


2 1. 5 3 8 


1. 45 


5 


1. 8 4 6 6 6 


2 6. 10 


1 1 


4. 5 1 2 


0.9 4 








1 2 


-3 3. 19 2 


1. 09 


6 


1. 5 1680 


6 4. 2 0 


1 3 


-9. 840 










1 4 


1 4. 0 3 5 


1. 76 


7 


1. 487 4 9 


7 0.40 


1 5 


-3 4. 5 4 2 










1 6 


0. 00 0 


2. 00 


8 


1.51680 


6 4. 2 0 


1 7 


0. 0 0 0 


1. 10 


9 


1. 5 4 0 7 2 


4 7.20 


1 8 


0. 0 0 0 











[00 3 5J *i^i$*Sri kjsws ro. 000 J ft 
5*151*. ft^gti «s«K* («>) T^:i«rt 

OjSiI16, 17, 18 it, ¥®T*£>!K wft^ft^ 

8*5J:tf L 9ttffil 7iCT^(Cg^$^TVN5 0 
[0 0 3 61 atlfcjswc, »2#^E2*5J:tfSS6# 

(l/r) XY 2 

Z = 



1 Wl- : (1+K) (Y/r) Z 



fc<t^2V>'X#G2(7>*t^ft:««cgBa^ttSjEU 

Srr, R*3£«4rK, -S5ft<Z)**aB«*S:A, B, tot 
tfCiLT, Scl"C*>^to^*i/^ft'ilftSr5tttO|pI9fc|Bl 

[0 0 3 7] 
[SCI] 



-+AY 4 fBY 6 -f-CY 8 



f^to*>, ##ffitt* *lo#«IO*l:, *tt±ooft 
0, »#t*«f^i-S 0 



[0 0 3 8] Ifc^ot, *lfc*3«t«IS23fc^ffi2 % 

ffllJ«vfiffiS:lfi»tfc^=.^*^«co«u^XL 1 <£>{£i«<0 
u>Xffi2, ^iO**l(cio^5»6^S6, o£9 



(7) 



%fffl¥-l 1 -1 9 4 2 7 



% 2 UVXmG 2 ©*t»^fflJ|cE«$n5«j#«||c» 
(4. *2te*-t-Jfc*|±©iiisM*Sr, R»«»K, *3<t 



[0 0 3 9] 
[«2] 





K 


A 


B 


C 


r 2 


-0.45910 


-I. 17784E-4 


4. 42787E-6 


-2. 03L62E-7 


^6 


-2. 30557 


-5. 51748E-5 


-2. 74870E-6 


-8. 10602E-8 



[00401 sitcjs^-c, ffip^uidi & fpj^j a 

1 5 co, &cd (®#4§-co) 7t^S5, 1 4*5j;LKl 6 <h 

coffiRJMd 4 , d ,3*5 J: Of d ,s, f d« 

5 . 6 OmmCO/^ffij, £Rj£Eli f * s 9 . 7 O mm CD 4^ .IS 



jftERI* «J:^MjSEKf «si 6. 8 OmraCDii 
[0 0 4 11 



f 


5.6 0 


9.7 0 


1 6. 8 0 


<*4 


16.18 


6. 5 1 


1.6 0 


d 13 


2.2 6 


6. 9 5 


1 6. 6 4 


d 15 


1. 00 


1.3 3 


0. 7 1 



[0 0 4 21 rcOiJ^CD. jE^*fC*5«t5 W-^X^iS:, 

0. 0 6mmT*fc£ e EI 2 —HI 4 (d, :<?)| 1 CD^fiSWc 

St j eUTHI4^Mii^^*5(t5iRII[llT&5 0 fr*5; 
KHElt^^T. SAtt«ffiJRH, SCttIE3£2M*k A. 
s t«2N?JRM> ^LTDi s t f^ftiR^^r^UrVN 
5. €-JR^iaf^tt5 Tdj ttdj»*c*t+SiRilS:^ 
U r g j ttgj»tc*fi-5iRSIS:^LTV^ 0 ^ffi^H 

[0 0 4 31 

5 0 HI 5 co (a) fit, 1£X— A u>-X£rX— S >^coj^ 

(b) f3\ KX— AuVXSrX-^ ^^<OSa4St-KS 
LfcjRiiKtettS u>'XM^:^LTV^^ 0 HI 5 ICtjH" 

2»3fe*»T*5*2i/yX»G2' *3J:tf»3#*^ 

[0 0 4 41 mi uyXSG 1 ' I*. 2ftcOl/>XL 
1/ 4oJ:^L2 / TM*fifc£*i* I2l/>XSG2 / tt % 
4&cr>l/>XL3' , L4' , L5' :fcJ:tfL6' Tfll 
^LT^3l/yXlG3' ttlftcQt/^XL 



7' x*mf&£ *LTl>5 0 i2 uyXfiG2' "co»f*:fflK 
tftfe^li/^XRGl' ircolBKkJ:, BRpjROS^ 

X-C&tK ft^itf^L 8*3it>*L 9f±3t^7^^^T* 

[0 0 4 51 ft* HIStrio^Ttt. «"ffiWPSOW#S:« 

L l' teitfL 2' uyXfGi' «\ A 

(DffiffiJj&m-tZo U>XL3' -L6' ^?>45»2 
u^X#G2' te. jE<OJffltlf^Sr*r«. U>-XL7' 

ii uvxfGi / ii, £ft«*^aa«^x-^ 

[0 0 4 61 $2u>XSG2' tt, J£««^e>SiSiB8 
-T5 0 !3l/yXgG3' II, JE£A*^e>MS«^OX 

G3' li, rcoj:5i-, *#«'ifcfiOiaM«(7>#U*S:«i 



(8) 



ftffl^l 1-19 4 2 7 



^^^lEf^cOMfii^ffi^T. fg2U>XpG2' <0 

[0 0 4 7] *2 U>Xg¥G2' 

fc^oT, BBniRtf Sicj: »9g|2 uvX|¥G2' 
#«Ftf ^5: fc»4v\ iEKi-»3i/yX«G 

Ml/yX|f (M= 1-3) <o^E«Srf« <t U i£« 

fc*«= (1) - (3) Sr«Si-5J:5^«/«*lxT^ 

So 

[0 0 4 8] El 5 (C/tc-T J: 5 fc % A 1 ^ ^X»G 1 ' 

VXL2' T*P/££;ft,, ^2ftOU>XLr fci: 

1' -L2' CDje-CfiffiLTV^. »2^>X# 

3' , ^ft'Jt-a^Srr&Jttfe^rix^^^iEu^XL 
4' , Wll:M^^t/:^^^^^i/>XL 



5' , ^it/fMfllCifbffi^^Jtfc^^^^x^OjEl/V 
XL 6' TiS/££iV ~*Lib4tt<DUVXL 3'. -L 
6' SrWWiA^&lklltefi^oT. 'US*, L3' -l 
4' -L5' -L6' 

[0 0 49]»11/>X»G1 / <0*t<ftf*:ffil^ES$ 

2 Sr. *#^&«h5^ftoT*OJB#f*^»<*a» 
lS^II«tTV^o m2uyXgfG2 / Oft) 

[0 0 5 0] 

MS 2 9ciC, ±SeUfc»2O*Jfc<0Jg||»C« 

5^2 con^jox- a >x<D^mv£=f—? &m 4 

-*6tl^t"o «4lt X— AU>XSr^i-^3t^ 

-AuyXlt i»(Of w gEKf = 5. 6-16. 8m 
nu F -J- >v<F/No. — 2 . 8~5. l,*Ifl(» = 3 2. 
2-1 1. Sdeg , *3J:t>*ffeiKY' =3. 4 7tfe^ 0 

[0 0 5 1] 

[*4J 
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j 
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2 5. 4 6 6 


0. 80 
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1. 8 0 6 1 0 


4 0.70 
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8. 17 7 


I. 93 
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15. 9 2 4 


(5WD 
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0. 5 0 
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16. 168 


I. 39 
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1. 7 4 3 3 0 


4 9. 3 0 
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-2 5. 589 


0. 1 0 
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4. 7 6 1 


i. 32 
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1 . 6 7 7 9 0 


5 5.50 
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9. 46 2 


0. 4 3 








1 0 
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5 


1. 8 4 6 6 6 


2 3.80 
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4. 005 


I. 04 








1 2 


- 1 6. 6 8 1 


1. 05 
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1. 4 8 7 4 9 


7 0.40 


1 3 


-8. 39 5 
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14. 4 5 8 


I. 9 1 
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1 . 4 8 7 4 9 


7 0.40 


1 5 


-2 3. 69 0 










1 6 


0. 00 0 


2. 00 
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1. 5 16 8 0 


6 4.20 


1 7 


0. 000 


1. 1 0 
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1. 5 4 0 7 2 


4 7. 2 0 


1 8 


0. 00 0 











[0 0 5 2] &4l;i*JW-3j&2jte¥ffi2, oi 9Jgl u 



(9) 



mmW- 1 1 -1 9 4 2 7 4' 



[0 0 5 3] [^5] 





K 


A 


B 


C 


r 2 


-0. 51816 


-4. 55330E-5 


5.23933E-6 


-1. 75866E-7 


r 6 


-2. 59597 


-5. 94777E-5 


-3.79326E-6 


-6. 685L6E-8 



[0 0 5 41 *1 JCiS^T, SfflRSds £ t L 

1 5(7), (ga#-^(D) 3tfi5, 1 4ioJ;tf 1 6 t 



« f *S 1 6 . 8 1 mmOl 

[0 0 5 5] 
[*6] 



f 


5. 60 


9. 70 


16.81 


d 4 


15.65 


6. 2 3 


1.6 0 


d 13 


2.0 2 


6.3 9 


16.07 


d 15 


1.0 0 


1.5 0 


1. 0 1 



[0 0 5 61 Z<D»&<D* fifcWUSttSUi'X^JL 
3 8. 0 6mmT*$>£ o i6-D8C, ^<OWi2<D^M&\ 

[0 0 5 7] 

5 0 0 (a) fi; |X-Al/y^X'-; ^?<Ofc 
(b) tt, iX-AuyX^X— ; ^^OSiS«t-R^ 

ot, MS#c, *l»mT*5»ll/y.X»Gr, 
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#co IE uvX. ^i#:(Ri|(C(affi5:rS](tfcp<-^*^^ 

IE u >X£ggg oco u ^X£W-f5#fiJcf;: i 

9, ^V^vXtSc^-C-X-AU^XSr^L-, 
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[0 12] ^3IIJ!ftWcoX--^u>'X^aiSfl8tc43it5 

[«F#*>Ripn 

Gl, Gl' , GT 111/ >X££ 

G2, G2' , G2 ff I2U yX» 

G3, G3' f G3" »3l/yX8 

1 — 15 

16-18 

S HHn^9 

F 7 4^9 

L1-L7, LI' -L7' , Lr-L7" U >X 

L8 n— /^y^A-^ 

L9 



[011 



[0 2] 



1 2 3 4 




F/Na=2.8 w-32,2 



ty-32. 2 



-(a) ftfett 



dt cfc dt dsi d? d« d* di d« d» d» d» 



"(b) 




—i 



-O.G50 0 0.050 -0.050 0 0.050 -2.00 0 2.00 



SA.SC 



Ast 



Dist 



(13) 



<ftffl¥- 1 1 - 1 9 4 2 7 4 





(14) 



!&m¥ 1 1 - 1 9 4 2 7 4 



[091 [110] 




SA.SC Ast OI$t SA.SC Ast Dist 



(15) 



#§B¥ 1 1 - 1 9 4 2 7 4 



IWnBl W-f&l 4¥9fl 2 5 0 (2 0 0 2. 9. 2 5) 



¥JA1 1¥7£ 2 1 R '(I 9 9 9. 7. 2 1) 
[ffri-ff-gr] &M#fFft* 11-19 4 3 

10-10013 

C02B 15/20 
13/18 
13/22 

[FI1 

G02B 15/20 
13/18 . 
13/22 



[SflUB] ¥^14^7fl4H (2 00 2. 7. 4) 

:PIM£}fjEi j 

.'[»** 1-1 WB^M^^ot, Aco 
i: -ft: 5 P?B P ft 9 £ R 5 t t i» (c . 
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(1) 2. 6 2 < I f x I / f ; < 2 , 



6.WX— AU>X{wJ;m^ atrial 2 Itft^ tt. fe& 



(2) f , / f . < 3. 4 

(3) 0. 57<f ; /f, <0. 6 



ltfcIEU>-X, 

X. ^fflllcaS^^litfcy-X^^^^IEU-vX^iP.^ 
fe^U>-Xfefr?X-*uyXfr«fafeL. H.o. 1S2BS 

7 2 ( f x < 0) 



(f , >0. f, >0) 



B tt^r klz. J:ot. X— A ^yX^feL. iR^ 



(3) Og|j;t5:tl:J:or, ^ft^vXftjj& T- 
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VffflW- 11-194274 



l&TM H J 1 l¥7fl 2 1 0 (1 9 9 9. 7. 2 1) 
l¥a*81 ^Httfl^* 11-19 4 3 

imm&^r] ftmw- 10-10013 
immmtoM* 7 fig] 

G02B 15/20 
13/18 
13/22 

IF I 1 

G02B 15/20 
13/18 
13/22 



IftffiH] W-tfLl 4^7£ 4 0 (2 00 2. 7. 4) 
[¥«H6jE 1 ] 

[«flF»*«)«SH] 
MARIS lj£&^&tt3feMffi£giifcJ u>Xfr*Tl. ffl . 



# U>X. IE U>XfrlF.» Ufta: * »W» 



[1***3] MBi831t^ilSttX-: ^y^HKLT 
vXtt, . »>)l:ft^iff«lLTB»»iT,. ft^O^X 

•ft ^ vX , feftffl'UcaBfrlSlttfc * ~* U xttcDlE u 

yXirEtutai: £ fed. &iAffi§m^M±^ * 
§g < & a aaR-gfc a r £ ^ -t-a ware 1 kk>m<o 



X, 



■M^X. 

[itau mmxmm cm=i~3) ommmm 



(1) 2. 6 2 < I f x I /F }i ,< 2. 

(2) f j ^/f w O. 4 



7 2 ( f x < 0) 



(3) 0. 57<f , /f , <0. 65 (f , >0, f , >0) 



Mglll * frtett WdUB 1 IcIF.tOX-A U 
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MjE#*«B«] 0 0 0 9 
[SiiEf^] 

[0 0 0 9] ±3SLfc*«^«*T**4xfc 

5IWW»*9l<Ol6<jli, &&b-fZ> \s 
[¥ttffijE3] 

'[MiE«*»a*] muff 
[*UE*t**g*l 0 0 10 

[ttiEl*)^] 

[0 0 10] *5SWW|»*«J.»BWJi. #fc. /hjgjT- 

«cap« £ affl 5 *~ * u s r t k:*. 

iz. '>ftvu>X*frfirT-. i/^XM»/hj!<t5^ft 
«2 uvXirc«4-^5i|ga»a*ftti:J*jEUg& 



1^>-X»-^ U flfrlgfg 2 gj *,^«:#BfeBfr ggttfciE l- 
>X*»U tfnE»2»rt5S*M:. ^H^l^iffl^Js] 

BS£[6llf fc-S U>X, !E^vX£iafgL-Cfr5r <b £-4# 
[«jE»**Bi&] 0 0 12 

[0 0 12] »*Si»cE*Ufc*ISW»c:^5X-Au 
>Xtt s M3JL&MSaXni >-#\zfStLx&ih-i-Z>z\ 

X-Al/yXlt %2a*ft^<P#SfeS£ggttfciEu^ 
5. fg#^5«::IB«cLfc:fc5SBB{:i&5X— i>^>Xll 



HM^*t3E4] 
[MiEM«SSi&] 9M« 
[*IE^*^Bi&] 0 0 11 

[0 0 11] 

WtffSX-AuyXB, ixBUfcBWSra^-r^fc* 

jfe$t*«>4W*:«K. X- 5 y^izM. 2 ##1&3R i: 

(1) 2. 6 2 < I f x I /F^< 2 
_££} f,/f,„ <3. 4 



[#«»E6] 
[«E*t^§«i&] B^lfflS 
[«jE*t^iSBi&] 0 0 13 
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[»jErt^] 

[0 0 13] lt*^{CfE«cbfc*%WtC^SX-AU 

^7 X^tOJE U ^X»S» LTftS 4 QOI/yX^ 
g5X-AI/yXli, ^MStTV:^% (M=l~3) 



72 (f . <0) 
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5 7 < f 



65 



(f, >0. f , >0) 



[^SIjjE 7 ] 

miEn^mm^ mm 

[ffiIE^*^ii&] 0 0 14 

[ffilE^ffi] 

[MlEf*3S] 

CO 0 1 41 

[f£ffl] .-t #3£9]£M5X-AU'>'Xf4. ftflc 

SSf^Sr*i-5^3^jfe^^lBIS:L, mllEffl 2 Sfft^ 
X-S >-^B#(;i^M2S¥?t^i:— ftl;: 
^iH-SP^nl&O £-12145 title. "bMiaffi 
-m£»X-5 v^KligU HtIfe^lS¥3t*^ii. ft«Lb£ 

SrWiiEU HfJl£*2 8¥Jfe^(t, %m±*Wfom~-&mi 
[3^*$1E 8 ] 

[ffijEM^^gig] 0 0 17 
[*$IEf*3$] 

10 0 1 7] i±^_*^BJ(cM5X-AU^X(4. SfilS 

'mxmit^tK wmm*hm.m^mfrr>x. m&.. ft 
tem^£}ffi&fatftc/-xj]X'yi<D-gi.u>x^ tuft 

fWlidib® £[6] ftfc > 13 ^(OHE. u- vXSriHS LT 
45 2o©i/>X5rfL, JojffiieSil 28¥ft^tf*», ft 
#{IM>f>&fli'W fSj^oT. ftfrWllcSSV^SDfS?: 
iSlttfcjEwvX. ft#ffiij|^t!iffi^|fi)ltfe^=^*x^(75 

X, ^ UTft#:ftij(Ci£bga*(S](tfep< ^^CDIEU 
X^rEgtT^S 4oOl^X£:W1-5„ roipii 
4>&V^>-X&gcT*X-AUvX£:l?f 

XHT-56±i- 5 £ fc* lEi" 3 „ 
[3^*IE 9 ] 

IffijEZttiTMg&l 0 0 18 

[0 0 1 81 i7t_*%PJIcMSX-ivl/yX(i. MIE 
IS 1 ^jfcfl© 2 o<75 u yX© p t,coft t.ft^fti)(;te« 
•f-'S^^^.^x^tOA^^XiO^ftilWUVXE^, 



15X-Ai/yXtt, 8«E^2St^m<0 4ocou>X 
<£> ? tftWfllwliB-f-SiE u vX(Dft#:{|?l<75 u 

cD#J*t5ii-5. JESS© 

iz-mmiE 10]. 

lffijE?#mm8%,l 0 0 2 2 
[«UE;tri£] 

[ffiuEf*!^] 

[00 22] IlvyXfGlli, JE^SA^MjS*^ 
©X-jy^LT, HI 1 KtjH" J: 5 lc. ftiteJb £ £ 
-f&ffii|-#»U ^^*-<b^t!)^SrRlGL.Tft»:ffii|lc 
^ft-rs. ^lu^XsiGlii. roi?!^ {gtiMKCi 

IE-T-So 3?2 w>XS¥G2(4, i£^»^<bMjt*Si^£>X 
3 vvXSfG 3(4, )!£^«^^>Mjaffi^(DX-5 

i^mmiE 1 1 1 

IffijEttgtmB&l 0 0 2 3 

[0023] *3UV/»G3(i, IO± 5 IC, ftftl»| 
(^£jOM^cofi©l;^fiS^r^8()-t-5 0 C;fc,ibli?2 u>X 
l¥G2ioJ:o:^3 u-vXB^G 3©»i5f«l: 
■t^, JE^iS^'bMja^^'X-S: v^75^^5o - 

Wl^^rJrCiO. ^2 u-^Xi¥G2cD^-7-A 
[^^«IE 12] 

[«iE>pt*s»*] mmm 

[WlE^t^g*] 0 0 4 5 

[0 0 4 5] i^. llI5^i*3V^T^4, ^-ffiPalPSCO^^W 

B& LTS)5j)\ El 1 Iw-WLTt^r^-^I^DT-feS,, 
LI' *3iO*L2' frhtezm 1 u->-Xi¥G 1 ' (4, A 
<omVrtl&&-rZ<, U-VXL3' ~L6' A>f>/j:5«2 
U>-X|fG2' li, lE^SlfT^SrWi-S,, u>XL 7' 
frhKZmz U-VX»G3' i4. IEco®J(f^^Wi-So 
^ll/>X|iGl' 14, /£^iSA^MSffi^(DX— 5 >- 



(23) 



i&TMW- 1 1- 1. 94274 



*-lS]5rSfeLT#)f*ffl(;#»)-t-5„ MSI U>-X8¥G1' 

i^mmiE i3] 

[f£lE*t#>Jf @£] 0 0 4 6 

[0 0 4 6] m2 u>Xg¥G 2' li. JE^^ibMisiffi 
-.cox-? y^CiLt, 3t«iJi^#;ffffii)lc*^l^llj 

G3' (i. ;»J:9l;, ^ffliKia^M^iO^^tffi^ 
X&m-rz. ritibI2 uvXftG 2' *3J;tKM3u>- 
XHG3' 5 ^{gfrttt:: J: 9. Sz^^ibM 

XS¥G 3' fe#:«!^ [ awa^:^c^±^»)$-a^6 . - t 
tJ;*)> ^2u->XS¥G2' <r>s<y— AtfiSrS«$-fr^ 
^■b^S^Mlft^S^-ti-C. !s2 U-^X^G 2' co^ib 

[^fgcffijE 1 4 ] 
I*iiE*tgl»H£] P^^Hft 
[ffilE^^B^] 0 0 5 9 

[oo 59]ii uvxsig i * (i. &8&«g 
i.>yimLx<D^ m&tt.w.nmhzmiE-rz* $21/ 

G3" (±, j£^i^75^^*^<OX-S >V\Zf%l.X. 

LT&fflfl^fhi- 5„ I3i/yXK3" te, 

I'2uyX?|G2' fcit>'^3 u^Xf¥G3* <D&W}\^ 
•fcS^fSIWKJ; 9, JE^*^(bMis*S^OX-5 ^ 

PfMSMitlE 151 

[ii^ttsa*] 0060 

[ttlE^ffi] 

[0060] roipl^ m3 UVXSG3' Sr, ^ 
«Ki!b»att<wtt«»»*-ti:5c: tic J; 19, |2i/yX 



b¥g 2 * <n/<y $ -arfc a*> e> ^Sott* £*a 

i^-frf. S2fyX{|G2" ^tfjS$r'>/<C < Lt, /h 
SiT-aoK^^II^^-UrSC buffet U'.^5„ 

2 uvx^G2" (omw-m^um.-r^um*) s«t,. * 

2U>-XS|G2" t-mz.&Wl-fZ>„ bfc^oT, HBP 
S0StJ:!)f2 l/>X«fG2' co^S/j^lfbHSw 

±!E|g l~Sfs3 U>-Xg¥G 1 '' ~G3" ti. 
^ l*5J;J>*m2©^iSC«f^om-g-tlRl#(C, iMW/ 
Xi¥ (M=l~3) cd^£S§P13: f M i: L, /A^JSStcfc 

(1) ~ (3) &«£JE-r5 J: 9{^/«$^T^5„ 

[3^ffitIE 16] 

[«!IE#tgi§3S&] Ifljg* 

[*IE;3tff^g£] 0 0 7 2 

[«IE^rt] 

[ffilErt^] 

[0 0 7 2] 

&^jE<D®m?)$:&-tz>wi3myt¥%:$:mmi-. mum 
2m%^<r>^mi,z., x-5 >-vmzmm2m^m 

£>Mis*~-eDX-5 '/f\zW^. Mf5mil¥*#^(i. 

sis-t-s ^ b tc j; 9 . &M^&?mmz&m VXMMM 

g<Dl£i>j£*gIEU iifjf5!fS2 8¥ft#S%M:, 3l6$6±^MP 
ItfctuyXSrtU flftfP,fg2j£^;Ste#Bfeffifrim 

iaiwisi^oT- una:. wmmzm^mtfrffi&fai-ftijEu 

^X. ^«iHc^V^#fffi»l6ittfaiEU^X, feftillrg^ 

^J g ffrpg frfrttfc-fti^x, Eix>-x^ Bg RL-c^5 1jl 
L 3 ^ tw. m 2 u ^X8¥T'%4^ 

9. J£-fti^7!>^tePB^(OX-S ^f\zM\^X(D. MM 
%Si»tIEL{l5 X-Alx vx^s«ti-5 r v t ^-e# 
5„ ^fc. ^B^^)tgjfeig2(DX-AU^X^J:ixtf. 
^ 3 1 feOTE U- ^XXMti. L.tc<DX. "Sfr V^ 

[^^ffliE 1 7 ] 
[«fiE*t*S^&] BJftBS 
[WlEM^JggiS] 0 0 7 3 
[MIE^] «3E 
[*IErt^] 

[0 0 7 3] *%WC0W*^3.^X — AUVX^ift 
i±\ ^3H».^% »-. X-S vyir^Lr^Bii-^J: o 
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2 «tt nmm fc is- tt fc ie u v xi a . & o i iff 



l#fittluE 1 8 ] 
MtiIE#*fiB£] 0 0 7 4 

[0 0 7 4] *HWOg*^5.CX- AUVXfc:J:*l< 



(1) 2. 6 2 < I f : l/f . <2. 



(2) f 3 Xf . < 3. 4 

(3) 0. 



• /jvM»xXft»t?x~Au>xfr«BfeL. h.o. m2is 

5., ^^WcotS^3S7<pX— AU>-X(cJ:ttil*. 

iMSl^^l (M=l~3) ©*SjSB»ttfr f a . Jft-feMSi 

7 2 ( f L < 0) 



57<f ; / ( 2 <0. 6 



( f ? > 0. f > 0) 
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iiicgta^ S r fc fc fc ^ftin?^»ffli^ 



